ABSTRACT: Lithoglyphus prasinus (Küster, 1852) is the only representative of the genus Lithoglyphus which, instead of rivers, inhabits oligostenothermal waters of karst springs. The taxon is probably endemic to central and southeastern Slovenia and the adjacent territories of Croatia. Apart from the ecology and shell morphology, there are no differences between L. prasinus and the other Lithoglyphus species. The species distinctness of the taxon is doubtful; it has been postulated to be an oligostenothermal ecotype or race of L. naticoides. In the present paper partial sequences of cytochrome oxidase subunit I (COI) of mtDNA were used to check the species distinctness of L. prasinus from the Moèilnik spring of Ljubljanica river in Slovenia. For the COI sequences K2P distances between the two taxa were 0.03170-0.03347. This, coupled with small intraspecific differences in both taxa, suggests that L. prasinus is a distinct species.
INTRODUCTION
The genus Lithoglyphus Hartmann, 1821, with its type species L. naticoides (Pfeiffer, 1828) , is known from Europe (KABAT & HERSHLER 1993) . There is a rather rich literature on the invasion and subsequent extinction of Ponto-Caspian L. naticoides in extensive areas of central and western Europe (FALNIOWSKI 1987 , GLÖER 2002 , IUCN 2010 ). In the Balkans there are a few other nominal species of Lithoglyphus (RADOMAN 1983 , BANK et al. 2006 , BÁBA 2007 , but the species distinctness of those taxa remains doubtful (BOLE 1981 , IUCN 2010 , CUTTELOD et al. 2011 . All the lithoglyphid taxa, with one exception, inhabit rivers or, less commonly, lakes. Only L. prasinus (Küster, 1852) inhabits oligostenothermal waters of karst springs. The water temperature in these habitats typically ranges between 7°C to 10°C throughout the year (BOLE 1981) . RADOMAN (1978) described Lithoglyphus neofontinalis n. sp. from the spring in Gabrovèec, the spring area of the Krka river in Slovenia, and considered Paludina prasina Küster, 1852 to be a synonym of Sadleriana fluminensis (Küster, 1852) . However, as explained by BOLE (1981) , the shells of the two species, Paludina prasina and Sadleriana fluminensis, although similar in outline, are markedly different in size. RADOMAN (1978) probably misinterpreted "lines" (1 "line" equals 2.25 mm) in KÜSTER's (1852) original description as milimetres. Thus, L. neofontinalis is a junior synonym of L. prasinus (BOLE 1981 , BANK et al. 2001 , and L. prasinus remains the only lithoglyphid species inhabiting springs.
The type locality of L. prasinus is the source of the Krka river in Slovenia (KÜSTER 1852). BOLE (1981) listed springs in the river systems of the Krka, Ljubljanica and Kolpa/Kupa rivers as inhabited by L. prasinus, and the Moèilnik spring among the localities his materials had been collected from. BABA (2007) recorded the species from the Ogulin, Leskovac and Stunjica creeks in the coastal areas of Croatia. Probably the taxon is endemic to central and south-east Slovenia, and the adjacent territories of Croatia (SKET's opinion cited in IUCN 2010). The geographically and ecologically narrow range of L. prasinus, as well as possible threats to the springs/rivers situated close to the coast, make L. prasinus a candidate for Near Threatened or Threatened status (IUCN 2010 , CUTTELOD et al. 2011 , SLAPNIK 2011 (IUCN 2010 , SLAPNIK 2011 . The aim of our study was to validate L. prasinus species status using molecular data.
MATERIAL AND METHODS
Using a sieve a few specimens of L. prasinus were collected from Moèilnik ( Fig. 1) , the huge spring of the Ljubljanica river (45°57'15"N, 14°17'33"E, 313 m a.s.l.).
The snails were washed twice in 80% ethanol and left to stand in it for ca. 12 hours. Then the ethanol was changed twice more within 24 hours and finally, after a few days, the 80% solution was replaced with a 96% one, in which the samples were stored at -20°C.
For the morphological study we cleaned the shells in an ultrasonic cleaner and photographed them with a CANON EOS 50D digital camera. Two males and two females were dissected, using a NIKON SMZ-U stereoscope microscope.
DNA was extracted from foot tissue of each snail. The tissue was hydrated in TE buffer (10 mM TRISHCl pH 8.0, 1 mM EDTA) (3 × 10 min.); then total genomic DNA was extracted with the SHERLOCK extracting kit (A&A Biotechnology), and the final product was dissolved in 20 µl TE buffer (the same concentration as used for hydratation). The PCR reaction was performed with the following primers: (FOLMER et al. 1994) and COR722b (5'-TAAACTTC AGGGTGACCAAAAAATYA-3') (WILKE & DAVIS 2000) for the cytochrome oxidase subunit I (COI) mitochondrial gene. The PCR conditions were as follows: initial denaturation step of 4 min at 94°C, followed by 35 cycles of 1 min at 94°C, 1 min at 55°C, 2 min at 72°C, and a final extension of 4 min at 72°C. The total volume of each PCR reaction mixture was 50 µl. To check the quality of the PCR products 10 µl of the PCR product was ran on 1% agarose gel. The PCR products were purified using Clean-Up columns (A&A Biotechnology) and the purified PCR products were amplified in both directions using BigDye Terminator v3.1 (Applied Biosystems), following the manufacturer's protocol and with the 100 Andrzej Falniowski, Magdalena Szarowska primers described above. The sequencing reaction products were purified using ExTerminator Columns (A&A Biotechnology); DNA sequences then underwent electrophoresis on an ABI Prism sequencer. All the sequences were deposited in GenBank (Table 1) .
The COI sequences were aligned by eye and edited using BioEdit 5.0.0 (HALL 1999). K2P and p genetic distances (KIMURA 1980) were calculated with MEGA4 (KUMAR et al. 2004 ). MEGA4 was also applied to phylogeny reconstruction with minimum-evolution approach (SWOFFORD et al. 1996 , NEI & KUMAR 2000 and K2P distances. Nodal support was estimated using the bootstrap approach (FELSENSTEIN 1985) .
RESULTS AND DISCUSSION
The shells of Lithoglyphus prasinus from Moèilnik ( Fig. 2 A-B ) looked like those of L. prasinus illustrated by BOLE (1981: fig. 2 ), and differed from the shell of L. naticoides (Fig. 2 C) . The male and female genitalia, typically lithoglyphid, resembled the ones described for L. naticoides (RADOMAN 1983 , FALNIOWSKI 1987 , SZAROWSKA 2006 and were identical with the organs of L. prasinus portrayed in BOLE (1981: fig. 3 ).
Two COI sequences, each 654 bp long, were the same except for three positions. On the other hand, the two sequences of L. prasinus differed from L. naticoides in 13-14 positions. K2P distances (Table 2) were 0.00489 within L. prasinus, and 0.03170-0.03347 between L. prasinus and L. naticoides. L. prasinus and L. naticoides, forming two distinct, highly supported monophyletic clades (bootstrap support 100), are sister to each other and form a well supported Lithoglyphus clade (Fig. 3) . There is no simple, "routine" way of interpretation of genetic distances while assessing species distinctness. Distance values are applicable only within a group of closely related species, and there are no such data for the Lithoglyphidae. In fact, the inferred values of K2P or p distances are in the range known for rissooids as interspecific in some cases and infraspecific in some others (PEREZ et al. 2005 , FALNIOW-SKI et al. 2007 , FALNIOWSKI & SZAROWSKA 2011 ). BICHAIN et al. (2007 reported the threshold value 0.015 in the west-European Bythinella species. Furthermore, the intraspecific K2P distances between L. naticoides from GenBank (0.000-0.00489) are only one-tenth the distances between L. naticoides and L. prasinus. The geographic distance between the two GenBank localities of L. naticoides: the Narew river at Drozdowo, Poland ) and the Hron river at Zvolen, Slovakia (LIU et al. 2001 ) is 556 km. Moreover, the Narew river belongs to the Baltic Sea, and the Hron river to the Black Sea catchment area. On the other hand, such a low level of genotypic differentiation may be expected in the case of an invasive species, like L. naticoides. Obviously, more data on the genotypic differentiation within Lithoglyphus are needed, but with the present data it seems that L. prasinus is a distinct species, or, at least, a taxon genotypically different enough to deserve Near Threatened or Threatened status, and protection. Andrzej Falniowski, Magdalena Szarowska Table 2 . Kimura 2-parameter (K2P) distances (below diagonal) and p-distances (above diagonal); for A1, A2, H, L, W -see Table 1 1 Table 2 ; bootstrap supports given where >50 (for A1, A2, H, L, W -see Table 1) 
